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Abstract 
Objective: The purposes of this study are to determine the prevalence of various 
risk profiles among pregnant women, and to determine whether or not there are 
certain combinations of risks that are more strongly associated with preterm birth. 
Methods: Secondary data was analyzed from the Stress Pregnancy Evaluation and 
Community Project (SPEAC) dataset, which is a cross sectional study that was 
conducted in Philadelphia, PA. The study included 3419 subjects, as well as 2136 
birth records. The association between multiple risk factors and preterm birth, as 
well as risk profiles and preterm birth were determined by using logistic 
regression analyses. 
Results: Compared with women with no risks, women with 3 risks had a greater 
risk of preterm birth, as the adjusted odds ratios for this category was 1. 3 8 (95% 
CI 0.92, 2.08). Exposure to 4 risks was associated with a higher rate of preterm 
rate; however the odds ratio was no longer significant after adjusting for 
confounding variables, OR 0.64 (95% CI 0.29-1.38). The risk profile 
combination of bacterial vaginosis and smoking was associated with the highest 
risk ofpreterm birth, with an adjusted odds ratio of 5.09 (95% CI 2.07, 12.49). In 
addition, the combination of stress, smoking and poverty resulted in higher rates 
of preterm birth, adjusted OR 2. 07 (95% CI 1. 08, 3. 98). 
Conclusion: There are certain combinations of risk factors that lead to higher rates 
of preterm birth. Prevention strategies should be directed towards the combination 
of risk factors, rather than individual risk factors. 
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Introduction 
When evaluating the health status of any country, it is important to consider its 
infant mortality rate, as this is one of the strongest indicators of a nation's overall 
health status as well as a worldwide indicator of social well-being.1 Although the 
United States is recognized as a nation that is extremely advanced in medical 
technology and a nation that has made vast contributions to the field of medicine, 
the trends for infant mortality within the United States reflect that there is room 
for much improvement in this nation's overall health status. Although the infant 
mortality rate within the United States has shown a downward trend since 1933 
by approximately 1.3% per year, its international ranking has decreased from 121h 
(highest) in the 1960's to 28th in 2001, suggesting that the United States is not 
making as much progress in reducing infant mortality rates as other nations2 
The infant mortality rate is defined as death of an infant less than one year of age, 
divided by the total number of births in the same year. In 2001, the infant 
mortality rate was 6.8 infant deaths per 1000 live births, a decline of 10% from 
7.6 infant deaths per 1000 live births in 19953 However, the infant mortality rate 
among Mrican Americans was 13, four times greater than the lowest infant 
mortality rate among Chinese Americans of 3.23 The leading causes of infant 
mortality in the United States are birth defects, preterm birth, and SIDS, 
respectively. However, the leading cause of infant mortality among African 
Americans is preterm birth4 Preterm birth, birth that occurs before 37 weeks of 
. d" ._.., h' h f b'd' d a]' 782631 gestation, pre 1sposes Imants to 1g er rates o mor 1 1ty an mort 1ty. · · · 
2 
Blacks are approximately 1. 7 times more likely to have preterm births than 
whites, and in 2001 the preterm birth rate among Black infants was approximately 
17.5% compared to 10.5'% of white infants5 
Given that preterm birth accounts for over two thirds of the racial disparity in 
infant mortality among African Americans, it is vitally important to identity the 
risk factors that are associated with preterm birth, particularly among African 
Americans6 It is thought that there are three major mechanisms that are 
responsible for preterm birth: vascular, mechanical, and inflammatory7 •8 
Examples of vascular mechanisms include decidual hemorrhage, hypertension or 
clotting disorders. Mechanical pathways include uterine overdistention or 
cervical incompetence. The last mechanism, which involves inflammation, has i 
recently been receiving the most attention in the medical literature. Some of the 
major risk factors that contribute to the inflammatory pathway will be discussed 
below. 
Poverty has been described as a maJor contributor to poor birth outcomes, 
including preterm birth and low birth weight (LBW), which is defined as birth 
weight less than 2500g9 African Americans are disproportionately affected by 
poverty, which is a significant contributor to the disparity in preterm birth. One 
study found that income and socioeconomic determinants account for 20% of the 
disparity in LBW among African Americans and whites. 10 Also, women from 
3 
lower social classes are two times more likely to give birth prematurely than 
women representing higher social classes.10 
Poverty has not been documented to have a direct effect on birth outcomes; 
however, there are several mechanisms by which low income contributes to 
preterm birth and low birth weight. For instance, women in poverty are more 
likely to live in crowded conditions, and they are disproportionately exposed to 
environmental toxins and toxic wastes. 9 Further, they are more likely to receive 
late or no prenatal care9 In addition, impoverished women are at higher risk of 
d I . . " . d h d 1011 eve opmg mtectlons, an t ey are expose to more stressors. · 
Although poverty plays a significant role in preterm birth, it is not solely i 
responsible for the disparity in preterm birth. Studies have documented that the 
preterm birth rates among college-educated Blacks are higher than their White 
counterparts, and the gap is actually larger than that between less educated whites 
and blacks. 12"14 This finding suggests that there are other factors that contribute to 
the disparity in preterm birth. 
Recent studies have suggested that maternal stress may play an important role in 
preterm birth. 12 Women that are exposed to chronic maternal stress are 1.5-2 
times more likely to give preterm birth. 19 Maternal stressors such as poverty, 
negative life events, pregnancy related anxiety, gender or racial discrimination, 
and unsafe neighborhood conditions have all been found to contribute to one's 
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perception of stress, which places an individual at an increased risk of preterm 
birth. 15-16 In addition, chronic maternal stress has been found to be more prevalent 
in populations that represent lower social classes. 17 
Maternal chronic stress has an independent effect on preterm birth, and there are 
several mechanisms that are hypothesized to lead to this outcome. Chronic stress 
disrupts maternal hormonal homeostasis, through activation of the hypothalamic-
pituitary-adrenal axis as well as the sympathetic system. This activation results in 
increases in CRH, corticotrophin-releasing hormone, which enhances the effect of 
estrogen on the uterus and results in the release of prostaglandins from the 
placenta. It is ultimately responsible for parturition and stimulation of uterine 
activity. 15•18 In addition, chronic stress can result in an increase in 
glucocorticoids, which suppress and inhibit the production of lymphocytes, 
differentiation ofT cells, activation of B cells, and expression of MHC-I, major 
histocompatibility complex. This ultimately leads to immunosuppression, which 
also increases the susceptibility to infection. 
Maternal infections cause a release of pro inflammatory cytok:ines, which result in 
premature labor by synthesizing and releasing prostaglandins, cortisol and DHEA 
(Dehydroepiandrosterone) and CRH, factors that have all been known to directly 
cause spontaneous labor. 17-19 In particular, bacterial vaginosis is strongly linked 
with preterm birth, as the risk of preterm delivery among women with bacterial 
vaginosis ranges from 1.4 to 6.9 in several studies20 The prevalence of bacterial 
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vaginosis among African American pregnant women ranges from 20-50%, and 
African American women are 2.5 times more likely than whites to have bacterial 
vaginosis21-23 Also, bacterial vaginosis accounts for approximately 30% of the 
disparity in preterm birth6 In addition, impoverished women, less-educated 
women, and younger women are all at higher risk of having bacterial vaginosis 
during pregnancy 6 Other risk factors that have been associated with bacterial 
vaginosis include smoking, alcohol and drug use, sexual practices, i.e number of 
sexual partners, vaginal douching, and frequency of intercourse. 17 
Culhane et al. reported that there is a linear relationship between maternal chronic 
stress and BV, even after controlling for other sociodemographic and behavioral 
risk factors. 15"17 They also concluded that maternal stress accounted for a 
significant portion of the disparity in bacterial vaginosis. Further, chronic stress 
seems to be prevalent in the same populations that are at risk for BV. Women that 
have been exposed to chronic stress are more likely to have dysregulation of the 
neuroendocrine system, resulting in immunosupression. This ultimately leads to 
increased susceptibility to bacterial vaginosis infections. As discussed earlier, 
infection can alter the production of inflammatory factors, which all contribute to 
preterm birth. 
Smoking is also a significant individual level risk behavior that leads to preterm 
birth25 Many studies have linked smoking to poor perinatal outcomes such as 
placenta previa, premature rupture of the membranes, intrauterine growth 
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restriction, SIDS, and preterm birth24 Although the rate of smoking during 
pregnancy has decreased over the past couple of years, approximately 15-20% of 
. k d . h . . 24-26 0 d h women contmue to smo e unng t e1r pregnancies. ne stu y reports t at 
smoking is responsible for 15% of all preterm births24•26 In addition, women who 
smoke are 2 times more likely to have a preterm delivery than women who do not 
smoke24 Despite the fact that African American women tend to smoke less than 
white women, there is a greater association between smoking and preterm birth 
among African American women than among white women. 
Smoking has been regarded as a risk factor that is affected by behavioral norms. 
For instance, women that live in poor socioeconomic conditions, are more likely 
to have higher stress, and are also more likely to smoke. Smoking in combination 
with various stressors may further disrupt the neuroendocrine system, resulting in 
inflammatory cascades24 Further, smoking and stress have synergistic effects on 
catecholamine levels24 In addition, recent studies have shown that smoking may 
cause an increase in the susceptibility of bacterial vaginosis24 Given this 
association with bacterial vaginosis, this may possibly explain why smoking 
among Black women has a greater impact on preterm birth than in White women. 
In sum, while there are many risks for preterm birth, the four following risk 
factors: poverty, chronic maternal stress, bacterial vaginosis, and smoking all 
contribute to a common pathway to preterm birth. In addition, the evidence 
illustrates that these factors all contribute to each other in some fashion. Each of 
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these factors has an independent effect on the outcome of preterm birth, and the 
combination of all four of these risk factors may lead to higher rates of preterm 
birth compared to the individual risk factors. 
Women that are exposed to one type of behavioral or psychosocial risk are 
usually more likely to be engaged in or exposed to other risks. Ahluwalia et a!. 
found that there is a direct correlation between increased number of risk factors 
and risk of SGA (small for gestational age).27 Thus, women who are exposed to 
greater than 4 risks during their pregnancies are more likely to have SGA 
Several studies have documented the effect of individual risk factors on the 
outcome of preterm birth, and Ahluwalia et al. have studied how multiple risk 
factors may affect SGA However, there have not been any studies that explore 
the effect of multiple risk factors on preterm birth, nor have there been any studies 
that have documented if specific combinations of risk factors are high! y 
associated with preterm birth. The purposes of this study are to determine the 
prevalence of various risk profiles among African American women, and to 
determine whether or not there are certain combinations of risk factors that are 
more strongly associated with preterm birth. Given that low income, stress, BV, 
and smoking are all known to independently significantly increase the risk of 
preterm birth, and all feed into similar inflammatory processes, this study will 
examine the combinations of these four risk factors. 
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Materials and Methods 
Study Question: 
This analysis will determine if certain combinations of risk factors are more 
strongly associated with preterm birth. The hypothesis is that preterm birth is 
influenced by the interaction of multiple risk factors, such as smoking, stress, 
bacterial vaginosis, and income instability, and that the combination of all four of 
these risk factors will be associated with a higher prevalence of preterm birth. In 
addition, it is hypothesized that the risk profiles that are associated with the 
highest rate of preterm birth are also more prevalent among African American 
women. 
SPEAC Study Design 
This study is a secondary analysis using the Stress Pregnancy Evaluation and 
Community Project (SPEAC) dataset. This is a cross sectional study that was 
conducted in public health prenatal clinics in Philadelphia between 1999-2001. 
The study includes a total of 3419 subjects, and some of these records are linked 
to Philadelphia birth records from 1999 and 2001. 
Pregnant women were recruited for this study from September 1999 to May 2001. 
Women were included in the study if they met the following criteria: singleton 
gestation, intrauterine pregnancy, English/Spanish speaking, less than 20 weeks 
gestation based on clinical examination and self reported last menstrual period. 
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Approximately 3419 pregnant women remained in the study, and birth records 
were obtained for 2136 of these women as of the time of this analysis. 
All eligible women received prenatal care from public health centers in 
Philadelphia, P A. Interviews were conducted by trained, female interviewers 
during the first prenatal visit in order to assess risk factors for bacterial vaginosis, 
exposure to chronic stress, and other demographic and behavioral risk factors 
such as maternal age, ethnicity, marital status, alcohol and drug use, smoking, 
domestic violence, weight gain, income, education, vaginal douching, multiple 
sexual partners, and receptive oral sex. The interviews were conducted using an 
instrument which combines closed and open-ended questions. 
BV diagnosis was made during the first prenatal clinic visit. Vaginal smears were 
gathered from the posterior wall of the vaginal fornix. The smears were gram-
stained, using Nugent's method, at the University of Washington's Anaerobe 
Laboratory. Reliability was determined by randomly selecting 10% of the slides 
and reviewing them by a blinded technician at the Department of Microbiology at 
the Children's Hospital of Philadelphia. Positive results had a score between 7-10, 
intermediate results between 4-6, and negative scores between 0-3. In this 
analysis, intermediate scores will be considered BV negative. 
Stress was assessed by using the Cohen Perceived Stress Scale. This stress self-
report scale includes 14 items, which measure the subjects' perception of stress. 
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Studies have shown that this scale has construct validity and reliability across 
gender, socioeconomic status, age groups, race, and other demographic 
h . . 30 c aractenstJcs. 
Income is based on the entire household, and includes income from jobs, public 
assistance, unemployment, SSI, friends and family support, child support, and any 
other form of income. Women are considered to be below the poverty level if they 
are receiving Medicaid or welfare. In addition, women are considered to be below 
poverty level if the total household income is below the poverty threshold as 
defined by the US government28 
Dependent Variable 
Pretenn birth is the outcome variable in this study. A dichotomous categorical 
variable was created from a variable measuring gestational length. Gestational 
length equal to or greater than 3 7 weeks was considered to be negative for 
preterm birth, whereas gestational length less than 37 weeks was labeled as 
positive for preterm birth. Only 2136 subjects were recorded as being positive or 
negative for preterm birth. There were 1283 missing values for this variable, and 
the missing values were not included in the prevalence of preterm birth. 
Independent Variables 
Perceived Stress. Perceived stress was determined from the Cohen Stress Scale 
variable. The Cohen Stress Scale scores range between 0 and 52. A dichotomous 
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categorical variable was created by a median split (median is 22.3). All values 
below the median were labeled as negative, and all values above the median were 
labeled as positive. 
Bacterial Vaginosis. A dichotomous categorical variable was created by the 
results of the Nugent's method for diagnosing bacterial vaginosis. All negative 
values (between 0-3) and intermediate values (between 4-6) were labeled as 
negative and all positive values (between 7-1 0) were labeled as positive. 
Smoking. A dichotomous categorical variable was created by labeling women that 
continued to smoke cigarettes during their pregnancy as positive, and those that 
did not continue to smoke cigarettes as negative. 
Poverty. A categorical variable was created to determine the total household 
income for each subject. For each number of people in the household, a 
dichotomous variable was created for being either above and at or below the 
poverty threshold, as determined by the US Census Bureau for the year 2001.24 A 
composite variable was then created, labeling all households above or at the 
poverty threshold as negative, and all households below the poverty threshold as 
positive. 
Composite Variables 
Multiple Risk Index. A risk index was created for each subject based on the 
number of risks to which the subject was exposed. The multiple risk index 
variable is labeled as 0-4, and it corresponds to exposure to 0, 1, 2, 3, or 4 risks, 
respectively. 
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Risk Profile. The risk profile was determined for each subject based on the 
number and combination of risks factors to which they were exposed. For 
instance, women with income below poverty level, positive for BV, smoking, and 
chronic perceived stress were labeled as having all 4 risks. Women with 3 co-
occurring risks were labeled as being either below poverty level, positive for BV, 
and smoking, or below poverty level, smoking, and chronic stress, or positive for 
BV, smoking, and chronic stress, etc. Various combinations were determined for 
having all 4 risk factors, 3 co-occurring risk factors, 2 co-occurring risk factors, 
and individual risk factors. All of the combinations were recoded into one 
categorical variable, and the missing values were excluded. The variable encodes 
16 combinations of risk factors, with I representing no risks, and 16 representing 
all four risk factors. In addition, the effect of missing values was tested by coding 
missing values first as negative, and then as positive to see how they would 
change the outcome. 
Co-variables 
The covariates used in this analysis include age (<20, 20-24, 2:25}, race (black, 
white, Latina, other), education (less than high school, high school diploma/GED, 
beyond high school}, marital status (single, married}, parity (0, 1 or 2: 2}, and prior 
preterm birth (yes, no). 
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Statistical Analysis 
First, the prevalence of the individual risk factors (stress, smoking, bacterial 
vaginosis, poverty, age, race, education and parity) were determined by 
conducting univariate analyses. Next, the prevalence of the multiple risk indexes 
and risk profiles were determined by univariate analyses. The association 
between preterm birth and multiple risk indexes, as well as preterm birth and risk 
profiles was determined by using Pearson's Chi2 Test. The measures of the effect 
were in percentages and p-values. In addition, the prevalence of the multiple risk 
indexes in addition to the association between preterm birth and multiple risk 
indexes were stratified according to race. 
Logistic regression was performed to determine the risk of preterm birth, given 
specific multiple risk indexes and risk profiles, controlling for covariates. Crude 
odds ratios, standard errors and confidence intervals were collected from the 
regression models. Odds ratios, standard errors and confidence intervals were also 
determined after adjusting for multiple co-variables such as race, age, education, 
parity, previous preterm birth, marital status, and planned pregnancy. Lastly, a 
sensitivity analysis was conducted comparing risk profiles and multiple risk 
indexes after encoding all missing values as negative and subsequently encoding 
all missing values as positive. The sensitivity analysis was conducted in order to 
determine whether or not inclusion of the missing values would significantly alter 
the results. All statistical analyses were conducted using Stata Intercooled 8.0 
Software29 
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Results 
The demographic characteristics of this population reveal that 68% of the 
population was black, 17% Latina, and 10% white (Table 1). Roughly 3 7% of the 
women studied were between the ages of 20-24, 35% were older than 25, and 
28% were less than 20 years old. Forty-three percent of the women received a 
high school diploma or aGED, 39% of the women did not complete high school, 
and 18% of the women received education beyond high school. Seventy-three 
percent of the population was single, whereas 24% of the population was married. 
Approximately 47% of the women did not have any previous births, whereas 26% 
of the women had 1 prior birth, and 26% had 2 or more prior births. Eighty-three 
percent of the women who did have prior births did not deliver preterm, whereas 
16% of the women delivered preterm (Table 1). Out of the risk factors that were 
examined in this study, 23% of the population continued to smoke during 
pregnancy, 54% .of the population had chronic stress, 45% tested positive for 
bacterial vaginosis, and roughly 60% were at or below the poverty threshold 
(Table 1 ). Approximately 8% of the women delivered preterm. 
The majority of the women (33%) had 2 of the studied risk factors. 
Approximately 22% had one risk, 20% had 3 risks, and 8% had no risks (Table 3). 
The number of risks was based only on smoking, chronic stress, bacterial 
vaginosis, and poverty. These numbers did not include any other risks that are 
associated with preterm birth, such as prior preterm birth or parity. 
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The risk index that was associated with the highest rate of preterm birth was 
having any 3 risks. The rate of preterm birth among this category was 14.32%. 
Also, the OR for preterm birth among those with 3 risk factors compared to those 
with no risk factors was 1. 3 8 after adjusting for race, age, marital status, 
education, parity, and prior preterm birth (95% CI 0.92, 2.08). Having all 4 risk 
factors was associated with a preterm birth rate of 12.50%. The OR among this 
category was 1.03 (95% CI 0.58, 1.04), which dropped to 0.64 (95% CI 0.29, 
1.3 8) after adjusting for covariates. The adjusted OR for having 0, 1 or 2 risk 
factors was 1.45, 1.36, and 1.45, respectively. All of the 95% confidence intervals 
overlapped one, indicating that there is no significant correlation between risk 
indexes and preterm birth. (Table 3,5) 
The prevalences of the multiple risk indexes were comparable for both white and 
black women (Table 4). However, among black women, each risk index was 
associated with higher rates of preterm birth. The rates of preterm birth among 
black women with 1, 2, 3, or 4 risks were 12.5%, 14.1%, 16.29%, and 13.9% 
respectively. In contrast, the rates of preterm birth among white women were 
much lower: 3.28%, 10.23%, 7.02%, and 5.88% for having 1, 2, 3 or 4 risks 
respectively. 
Out of all of the risk profiles studied, the majority of women were in the 
following categories: stress and poverty (12.99%), stress, bacterial vaginosis and 
poverty (11.6%), and poverty alone (10.56%).(Table 6) Among all of the risk 
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profiles studied, the combination of smoking and bacterial vaginosis had the 
greatest association with preterm birth, with an adjusted OR of 5.09, (95% CI 
2.07, 12.49). The next combination that had a significant effect on preterm birth 
was stress, smoking and poverty, which had an adjusted OR of 2.07 (95% CI 
1.08, 3.98). Smoking and poverty was also associated with higher rates of 
preterm birth, with an adjusted OR of 1.89 (95% CI 0.79, 4.50). (Table 7) 
I 
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Discussion 
The results from this study indicate that being exposed to any 3 of the studied 
risks, which included poverty, stress, bacterial vaginosis, and smoking, is 
associated with a greater risk of preterm birth. In addition, there was a non-
significant association between having all 4 risk factors and preterm birth. 
Surprisingly, the data demonstrate that having all 4 of the risk factors are not 
necessarily associated with a higher rate of preterm birth than having any 3 risk 
factors, thus this analysis did not follow the same pattern between multiple risk 
factors and SGA which was identified in the Ahluwalia et al. study27 
This analysis also reveals that there is a very strong relationship between the risk 
profile combination of bacterial vaginosis and smoking (OR 10.98) and preterm I 
birth. This finding supports some studies which have suggested that smoking may 
potentiate the effects of bacterial vaginosis, and vice versa. The results from this 
study show that the combination of smoking and bacterial vaginosis significantly 
increases the risk of preterm birth. A recent cohort study examining the 
association between bacterial vaginosis and smoking found that there is a 
significant dose response relationship between bacterial vaginosis and smoking 
(adjusted OR 3.0; 95% CI 1.3-6.9)29 Further, some studies have documented that 
smoking may increase the likelihood of developing bacterial vaginosis, especially 
given the association between smoking and other risk factors associated with BV. 
25
•
32 Although the mechanism responsible for this relationship has not been 
elucidated, some have suggested that smoking may cause accumulation of 
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nicotine and cotinine in the vagina, which may have an effect on the vaginal 
bacterial flora, predisposing one to B V. 32•33 
Smoking and poverty also seem to lead to higher rates of preterm birth. In 
addition, the risk profile combination of smoking and poverty led to a significant 
increase in the rate of preterm birth. Many studies have already linked 
socioeconomic status to preterm birth, and they have shown that socioeconomic 
status increases the rate for preterm birth, even after adjusting for maternal 
smoking. The results from this study suggest that although smoking and poverty 
individually increase the rate of preterm birth, the combination of the two has a 
greater impact on this outcome. 
The analysis also reveals an association between smoking, stress and poverty and 
preterm birth. It is surprising that this combination leads to greater rates of 
preterm birth than the combination of bacterial vaginosis, stress and poverty or 
bacterial vaginosis, stress and smoking, especially given the strong relationship 
between bacterial vaginosis and stress. However, the results also indicate that 
stress, bacterial vaginosis, and smoking are still associated with a higher rate of 
preterm birth, although it does not exceed that of the combination of smoking, 
stress and poverty. 
As mentioned earlier, all four of the studied risk factors feed into similar 
inflammatory pathways, which have been documented to lead to preterm birth. It 
19 
would seem to follow that having all 4 risk factors would increase the likelihood 
that an inflammatory reaction leading to preterm birth would occur. However, the 
results from this study did not indicate this. Rather, the relationship between 
these risk factors proved to be more complicated than what was initially 
anticipated. This analysis reveals a relationship between multiple risk factors and 
preterm birth; however, having 2 or 3 risk factors was associated with higher rates 
of preterm birth than having all 4 risk factors. Although the results indicate that 
there is some synergy between having 2 or 3 risk factors that contribute to the 
same inflammatory pathway, this synergy is not as apparent in the 4 risk category 
as one would expect. This suggests that there are some other extrinsic factors and 
additional pathways that may be contributing to preterm birth. In addition, the 
risk profile analysis further supports that the relationship between all 4 risk factors 
is not that simple, and that smoking seems to potentiate the effects of bacterial 
vaginosis, poverty, and stress. 
The results also indicate that black and white women have similar exposure to 
multiple risk indexes. Although the prevalence of multiple risk indexes were 
similar to white women, black women still had higher rates of preterm birth 
compared to white women, and these rates were higher in each risk index. This 
disparity suggests that having multiple risk factors leads to higher rates of preterm 
birth among black women. It is possible that the inflammatory process among 
black women is worsened when combined with additional risk factors that feed 
into the inflammatory process. 
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There are some limitations to this study that must be addressed. First, only 4 
maternal risk factors were studied. Although these 4 risk factors all significantly 
increase the risk of preterm birth individually, there are other maternal risk factors 
that were not included in the analysis. Multiplicity of risk factors may have 
proven to be a significant determinant of preterm birth had more maternal risk 
factors been included. In addition, there are several other combinations of risk 
factors that may have a stronger association with preterm birth. 
Secondly, the risk profile strata were very small, which limits the power of the 
study to detect a significant effect. In particular, the risk profile that was 
associated with the highest rate of preterm birth, bacterial vaginosis and smoking, 
had only 39 women in that category. This may account for the high standard error 
as well as the wide confidence intervals. In addition, the confidence intervals for 
the adjusted odds ratios were very wide, which also suggests that the power of the 
study is limited. 
In addition, the data indicated that being exposed to all 4 risk factors was not 
necessarily associated with higher rates of preterm birth. Women that were 
categorized into this group did not have as many birth records, and this may be 
partly due to higher rates of miscarriages among this subset of the population. A 
lower percentage of women with all four risks had birth records attached thus we 
speculate that the apparent protective effect is an artifact of this attrition. 
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Lastly, the study revealed that bacterial vaginosis and smoking have a significant 
impact on preterm birth. Given that smoking is such a strong predictor of preterm 
birth, this number may reflect the effect of smoking on preterm birth24-25 ' On the 
other hand, it may suggest that there is a synergistic relationship between bacterial 
vaginosis, causing an increased risk of preterm birth. 
Although there were some limitations to this study, there were also some 
strengths. For instance, the dataset included over 3400 patients, and birth records 
were gathered for over 1100 of the subjects, and this contributed to the reliability 
of the study. In addition, the findings from this study are generalizable, and can 
be applied to pregnant women that go to the public health department for prenatal 
care. 
There are several implications that can be made from this study. First, it has been 
shown that poverty, stress, bacterial vaginosis, and smoking all contribute to 
preterm birth through inflammatory processes. It would be ideal to develop 
prevention programs that are directed towards reducing the prevalence of these 
risk factors in order to prevent inflammation However, given that most of these 
risk factors studied would be difficult to prevent, as many of them are a result of 
societal norms that are outside the realm of this study, more efforts should be 
taken to prevent or at least block the inflammatory processes before they have 
already significantly contributed to preterm birth. For instance, more research 
could be done to determine the exact biological mechanism that leads to 
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inflammation, and to develop pharmaceuticals that interfere with the 
inflammation processes before they lead to preterm birth. In addition, given that 
multiple risk factors that lead to inflammation lead to higher rates of preterm birth 
among black women, more research should be done to determine why black 
women are more negatively influenced by inflammatory processes. 
In practice, women that receive prenatal care should be screened not only for 
individual risk factors, but also for combinations of risk factors. In addition, 
prevention efforts should be directed towards multiple risk factors, and in 
particular prevention efforts should address the combination of bacterial vaginosis 
and smoking. 
Further, more research should be done to elucidate the relationship between 
maternal smoking and bacterial vaginosis. Although some have argued that 
smoking may predispose women to bacterial vaginosis, this issue remains unclear. 
In addition, some researchers have found that black women are more likely to 
deliver preterm when smoking, despite the fact that black women are less likely to 
smoke24 Given that Black women have higher rates of bacterial vaginosis, this 
combination would explain why Black women who smoke have higher rates of 
preterm birth. Thus, more research must be done to examine the synergistic effect 
of smoking and bacterial vaginosis on preterm birth. 
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In conclusion, it is evident that poverty, bacterial vaginosis, stress, and smoking 
all contribute to preterm birth individually, but it is also the interaction between 
these risk factors through inflammatory processes that leads to significantly 
higher rates of preterm birth. In particular, black women are at higher risk of 
having preterm birth, especially if they are exposed to more than one risk factor. 
Although this study only examines the inflammatory pathways that lead to 
preterm birth, there are other pathways that are attributable to preterm birth. This 
study demonstrates that the etiological mechanisms for preterm birth are quite 
complex, and that more research must be done to further explore these 
mechanisms. 
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Table la. Demographics and Other Descriptive Characteristics Compared to 
Multiple Risk Factors: Row Values. SPEAC Study, (Philadelphia, PA.) 
1999-2001. 
Age 
<20yrs 954 (27.90) 7.45 27.20 37.92 24.15 3.27 
20-24 yrs 1252 (36.62) 8.94 28.21 36.81 20.49 5.56 
25+ 1193 11.74 28.02 32.56 21.00 6.67 
Race 
Black 2,330 (68.15) 10.19 27.37 34.51 22.23 5.70 
White 349 (10.21) 7.38 27.38 34.46 25.54 5.23 
Latina 591 (17.29) 7.69 30.41 39.89 17.71 4.29 
No High School 1301 (38.5) 4.49 21.45 36.16 29.76 8.15 
HS Diploma or GED 1458 (42.64) 9.32 29.36 38.24 18.86 4.22 
School 622 20.51 37.63 28.14 11.86 1.86 
Marital 
Single 2,473 (72.33) 8.37 25.80 36.40 22.91 6.53 
Married 824 13.54 34.23 32.31 18.01 1.92 
Parity 
0 Previous Births 1620 (47.38) 10.42 29.46 35.74 20.84 3.54 
I Previous Birth 899 (26.29) 12.04 28.13 36.83 19.19 3.81 
34.29 
No 1,507 (83.49) 8.72 26.29 36.43 22.32 6.24 
Yes 295 8.18 26.02 30.48 25.28 10.04 
Preterm Birth 
;:: 37weeks 1870 (54.69) 9.08 27.11 35.49 22.63 5.70 
< 37weeks 266 8.44 22.78 35.44 27.43 5.91 
Maternal Smoking 
No 2617 (76.54) 12.31 33.54 38.00 16.16 0.00 
Yes 793 23.05 
Low (Below median) 1549 (45.31) 20.80 44.51 28.68 6.01 0.00 
median 1855 0.00 13.72 41.46 35.09 9.73 
Negative/Intermediate 1764 (51.59) 17.64 38.63 35.58 8.15 0.00 
Positive 1530 0.00 15.12 35.69 37.74 11.44 
Poverty** 
Above Threshold 1251 (36.59) 25.00 43.19 25.83 5.98 0.00 
At or Below 2061 (60.28) 0.00 18.32 41.62 31.52 8.53 
* Bacterial vaginosis determined by gram stain with Nugent Score 
** Poverty was determined by calculating the poverty thresholds for each 
household; poverty thresholds were gathered for 2001 from the US Census 
Bureau (http://www. census. govlhhes/poverty/threshld/threshO l.html) 
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Table lb. Demographics and Other Descriptive Characteristics Compared to 
Multiple Risk Factors: Column Values. SPEAC Study, (Philadelphia, 
PA) 1999-2001. 
954 (27.90) 21.93 27.36 31.20 
1252 (36.62) 34.22 36.89 34.40 
1193 43.85 35.75 34.40 
Race 
Black 2,330 (68.15) 73.09 67.31 66.28 70.07 
White 349 (10.21) 7.97 10.14 9.96 12.12 
Latina 591 (17.29) 14.29 19.36 19.84 14.45 
Other 123 4.65 3.19 3.91 3.36 
Education 
No High School (38.5) 17.94 29.42 38.91 52.42 
HS Diploma or GED (42.64) 41.86 45.27 46.24 37.34 
14.85 
2,473 (72.33) 63.46 66.93 74.06 76.35 
824 35.22 30.45 22.55 20.58 
0 Previous Births 1620 (47.38) 51.83 50.06 47.30 45.09 
1 Previous Birth 899 (26.29) 33.55 26.79 27.32 23.27 
2 Previous Births 899 14.62 23.16 25.38 31.65 
Prior Preterm Birth 
No 1,507 (83.49) 84.83 83.94 86.10 82.25 
Yes 295 15.17 13.74 17.75 
Preterm 
<;:37weeks 1870 (54.69) 88.64 89.62 87.90 85.68 
<37 266 11.36 10.38 12.10 14.32 
Maternal Smoking 
No 2617 (76.54) 100.00 93.08 82.14 57.00 
Yes 793 0.00 6.92 17.86 43.00 
Perceived Stress 
Low (Below median) 1549 (45.31) 100.00 73.10 
1855 
Negative/Intermediate 1764 (51.59) 100.00 74.80 
1530 0.00 25.20 
Poverty 
Above Threshold 1251 (36.59) 100.00 59.02 27.50 10.39 
At or Below 2061 (60.28) 0.00 40.98 72.50 89.61 
Threshold 
29 
74.10 
10.24 
14.46 
1.20 
59.04 
34.34 
6.63 
89.76 
31.55 
19.05 
49.40 
76.52 
23.48 
87.50 
0.00 
100.00 
0.00 
100.00 
0.00 
100.00 
Table 2. Demographics and Other Descriptive Characteristics Compared to Risk 
Profiles. SPEAC Study, (Philadelphia, PA.) 1999-2001. 
1.13 6.55 
2.17 7.99 
2.31 6.41 
Race 
Black 10.19 10.47 1.48 8.52 6.90 2.18 
White 7.38 8.62 6.77 4.00 8.00 7.38 
Latina 7.69 16.46 1.07 3.94 8.94 1.07 
Other 12.61 12.61 0.90 1.80 9.91 1.80 
Education 
No High School 4.49 11.14 1.66 4.24 4.41 3.33 
HS Diploma!GED 9.32 11.24 2.22 7.69 8.21 2.29 
Post 
Marital Status 
Single 1.71 
2.43 
0 Previous Births 10.42 12.83 1.67 7.15 7.82 1.87 
1 Previous Birth 12.D4 8.94 2.26 8.46 8.46 3.10 
2 Previous Births 5.26 11.23 2.03 5.26 5.85 3.11 
Prior Preterm 
Birth 
No 9.92 10.56 2.06 6.52 7.16 2.98 
Yes 8.18 7.43 2.60 8.55 7.43 3.35 
30 
Table 2 Cont. Demographics and Other Descriptive Characteristics Compared to 
Risk Profiles. SPEAC Study, (Philadelphia, PA.) 1999-2001. 
10.19 1.53 11.49 1.81 7.32 3.15 
3.08 1.54 9.54 10.46 2.46 3.08 
10.02 0.18 23.79 1.43 3.40 1.07 
7.21 0.00 27.03 0.90 2.70 1.80 
9.64 0.83 15.38 2.33 4.66 3.91 
10.28 1.70 13.91 3.25 6.80 2.59 
6.61 1.02 10.85 1.36 6.95 0.68 
9.72 1.14 13.32 2.58 6.79 3.24 
8.68 
Parity 
0 Previous Births 10.15 0.53 13.69 2.34 7.15 2.40 
1 Previous Birth 8.34 2.03 14.90 3.10 5.36 2.38 
8.84 1.67 13.62 2.63 4.42 3.70 
Birth 
No 9.07 1.70 14.81 2.91 4.96 3.19 
Yes 5.58 2.60 11.90 2.23 4.83 2.23 
31 
Table 2 Cont. Demographics and Other Descriptive Characteristics Compared to 
Risk Profiles. SPEAC Study, (Philadelphia, PA.) 1999-2001. 
Black 3.66 13.25 2.18 5.70 
White 11.69 5.23 5.54 5.23 
Latina 2.50 13.24 0.89 4.29 
Other 5.41 12.61 0.90 1.80 
6.82 16.21 2.83 8.15 
3.48 10.80 2.00 4.22 
1.36 8.14 1.69 1.86 
4.69 12.88 2.10 6.53 
11.11 2.30 1.92 
0 Previous Births 3.47 13.16 1.80 3.54 
1 Previous Birth 3.10 11.08 2.62 3.81 
2: 2 Previous Births 7.29 12.43 2.75 9.92 
Prior Preterm 
Birth 
No 4.68 11.91 2.55 6.24 
Yes 8.18 11.15 3.72 10.04 
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Table 3. Association between Multiple Risks and Preterm Birth Presented as 
Percentages. SPEAC Study, (Philadelphia, PA), 1999-2001 
Any One Risk 881 (25.77) 10.38 11.59 
Any Two 12.10 12.47 
Any Three Risks 693 (20.27) 14.32 15.43 
12.5 8.93 
*P-value determined by logistic regression 
** Adjusted percentages determined by logistic regression, adjusting for marital 
status, age, education, race, parity, and previous preterm birth. 
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Table 4. Prevalence of Multiple Risk Indexes and Preterrn Birth Stratified by 
Race. SPEAC Study, (Philadelphia, PA) 1999-2001. 
591 (27.37) 89 (27.38) 12.50 3.28 
745 (34.51) 112 .46) 14.10 10.23 
Any 480 16.29 7.02 
Risks 
Any Four 123 13.92 5.88 
Risks 
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Table 5. Association Between Multiple Risk Indexes and Preterin Birth 
Presented as Odds Ratios and Confidence Intervals. SPEAC Study, 
(Philadelphia, PA) 1999-2001. 
1.29 0.94, 1.76 1.38 0.92, 2.08 
1.03 0.58, 1.04 0.64 0.29-1.38 
*Odds ratio determined by logistic regression, adjusting for marital status, race, 
age, education, parity, and previous preterm birth. Risk Indexes of 1-4 were 
compared to zero risk. 
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Table 6. Association Between Preterm Birth and Risk Profiles Presented as 
Percentages. SPEAC Study, (Philadelphia, PA) 1999-2001. 
BV 12.1 
12.8 
Poverty 
BV, Poverty 
Poverty 
Stress, 4.07 (139) 19.6 22.0 
Poverty 
11.0 
Smoking 
Stress, BV**, 4.91 (168) 12.5 9.1 
smoking, poverty 
* Adjusted percentages determined by logistic regression, adjusted for age, race, 
education, parity, previous preterm birth, and marital status. 
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Table 7. Association Between Preterm Birth and Selected Risk Profiles, 
Presented as Odds Ratios and Confidence Intervals. SPEAC Study, 
(Philadelphia, PA) 1999-2001. 
1.16 0.54, 2.48 1.89 0.79, 4.50 
BV+ 2.21, 11.24 5.09 2.07, 12.49 
Smoking 
Stress+BV 0.96 52, 1.78 0.81 0.31, 2.12 
Stress+ 1.82 1.06, 3.11 2.07 1.08, 3.98 
Smoking+ 
*Odds Ratios determined by logistic regression, adjusted for age, race, education, 
marital status, parity, previous preterm birth. 
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